There is a consensus that Caribbean coral reefs are a pale shadow of what they once were, 24 yet a reef's pre-human state is typically assumed or estimated using space-for-time 25 substitution approaches. These approaches may fail to account for past variation before 26 human impact which could mislead conservation priorities and actions. In this study we use 27 a suite of fossilised mid-Holocene (7.2-5.6 ka) fringing reefs in Caribbean Panama to define 28 the Historical Range of Variation (HRV) in coral community structure before human-impact 29 to provide context for the states of modern reefs in the same area. Using the abundances of 30 coral taxa to quantify communities, we found that most of the modern coral communities 31 exist in novel ecosystem states with no fossil precedence. We do however identify one 32 modern reef that is indistinguishable in coral community structure from the mid-Holocene 33 reefs. Reef-matrix cores show that the community on this reef has remained in a stable 34 state for over 760 years, suggesting long-term resistance to the region-wide shift to novel 35 states. Without historical context this robust and stable reef would be overlooked since it 36 does not fulfil expectations of what a "pristine" coral reef should look like. This example 37 illustrates how defining past variation using the fossil record can place modern degradation 38 in historical context and improve conservation recommendations. 39 40 41
the assumptions of uniformitarianism and that spatial and temporal variation are 48 equivalent. Such assumptions have been challenged [9] and unlikely to be met in habitats 49 that are naturally highly variable on small spatial and temporal scales [10] . Application of 50 the space-for-time substitution approach to Caribbean coral reefs may be particularly 51 problematic because (arguably) no pristine Caribbean reefs remain with which to establish 52 true baselines. If true, conditions from one reef cannot be confidently used to define 53 another's baseline. Additionally, with few reconstructions of the state of reefs before 54 human impact, baselines rely on limited definitions of reef states that likely fail to capture 55 the high natural spatial and temporal complexity of coral reefs [3, 11] . Accordingly, to 56 prioritize conservation activities, contextualise restoration goals, and reveal the drivers of 57 ecosystem change, we need to better quantify spatial and temporal variation, both past and 58 present. 59 60 The Historical Range of Variation (HRV) is an approach developed in terrestrial ecology 61 [12, 13] to define past spatial and temporal variation in ecosystem states, thereby helping to 62 determine if current states and rates of change fall within or outside the natural range of 63 variation [14, 15] . Coral reefs are particularly well-suited to the application of this approach 64 given their high community complexity, and their propensity to preserve a wide array of 65 reef community members [16] [17] [18] [19] [20] [21] [22] [23] [24] and past environmental signals [25] as they accrete. In 66 this study, we quantify the HRV of coral communities in a suite of lagoonal fringing coral 67 reefs in western Caribbean Panama (figures 1 & 2) using ~7000-year-old (mid-Holocene) 68 fossil assemblages. We then compare the HRV with the variation that exists on adjacent 69 modern reefs today to quantify modern day ecosystem states within a historical context. 70
Our findings provide a case study with which to discuss what should be considered natural 71 and novel in ecosystems that are experiencing rapid change. 72 [18] and have persisted since [1, 26, 27] . Today, the reefs fringing the bay are primarily 77 composed of branching Porites and Agaricia with moderate to low coral cover and fish 78 communities that are depauperate of adults [28] . Almirante Bay is well protected from wave 79 action and currents and sits outside the hurricane belt. High rainfall, deforestation and 80 changing land use, including a ~140-year banana industry [ [36] [37] [38] . As such, this large fossil coral reef offers an opportunity to 91 quantitatively reconstruct the spatial and temporal variation in community structure in a 92 fringing reef system from a time before major human impact. 93 2.3. Quantifying the structure of mid-Holocene and modern coral 94 communities 95 We mapped ~11 hectares of the known extent of the mid-Holocene reef site using high-96
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resolution Trimble R8 Base and Rover GNSS system to build a 3D model of the site (called 97 Sweet Bocas) and locate major fossil habitats (see electronic supplementary material, figure 98 S1, for details). Using a large excavator, we dug four 4-5 m deep and ~1.5 m-wide trenches 99 into the reef to expose fresh in situ reef framework (figures 1 & 2; electronic supplementary 100 material, figure S2 ). Sections were measured and mapped and the vertical positions of both 101 bulk samples and coral samples for dating were measured using the Trimble R8 system 102 (electronic supplementary material, figure S1). All elevations were adjusted to mean sea 103 level (MSL) by measuring sea level directly adjacent to the fossil site and relating that to 104 data from the tide gauge at the Smithsonian Tropical Research Institute's Bocas Research 105
Station.
107
To quantify the HRV in coral communities in the mid-Holocene fossil reefs, we extracted 16 108 bulk samples (~10 kg each) of reef framework from each of the four trenches we excavated 109 (figures 1b, 2b). To compare the resulting HRV with modern reef communities, we collected 110 22 bulk samples (~10 kg each) of reef framework from the top < 10 cm of the death 111 assemblage from five modern fringing reefs adjacent to the fossil site (figure 1e). These 112 modern death assemblage samples were collected at water depths between 2 and 10 m to 113 ensure we covered the full range of depths that we sampled in the mid-Holocene. PERMANOVA was used to test for significant differences in dissimilarities among groups. 126
Corals of unknown taxa were removed from all analyses. These corals are listed as 127 "unknown" in electronic supplementary material, Table S2 , and were generally fragments 128 identified as coral but too eroded or fragmented to be able to be confidently placed in a figure S2 ), suggesting that these fossil reefs comprise 164 autochthonous assemblages that accumulated without major disturbance. These mid-165 Holocene reefs are located inside the bay on the leeward side of >20 m high Pliocene 166 bedrock rise, suggesting that the setting that they grew in was similarly a highly protected 167 lagoon that the modern reefs occupy today. U-Th and radiocarbon dating reveal that the 168 sections of the reefs that we sampled grew, without apparent interruption, over a period of 169 at least 1,600 years (7.2-5.6 ka) (electronic supplementary material Table S1), when sea-170 level had reached similar levels to today. figure S5 , table S1). When taken together, these findings suggest that Punta 215
Caracol is a reef that has evaded the shift to a novel state that has occurred on other reefs 216 in the area. 217
218
We do not claim that the reef at Punta Caracol is pristine. It is unlikely that the reef could and the complex impact of unidentified future stressors [66] . Conservationists interested in 279 supporting coral reefs must therefore hedge their bets by conserving variability itself to 280 provide nature with the raw material for the selection of resilience [67]. Resources for 281 conservation will always be limited and decisions must be made about where priority should 282 be given. We suggest that such decisions be made not only based on current states and 283 future predictions, but also through the use of HRV data to extend time scales, establish 284 location-specific baselines and uncover elements of resilience that might otherwise be 285 overlooked. 286
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